Quantitative analysis of the spreading of the mouse trophoblast in vitro: a model for early invasion.
The outgrowth of the mouse blastocyst in culture represents an in vitro model of trophoblastic invasion. In the present study we analysed trophoblast spreading by time lapse video microscopy. Trophoblast spreading consists of (1) the migration and (2) the giant cell transformation of trophoblast cells, (3) the proliferation of ectoplacental cone (EPC) cells and (4) the subsequent transformation of EPC cells into the secondary giant cells. During migration, ruffling of the trophoblast cell membrane is followed by the formation of lamellipodia. The mean surface areas of the spreading trophoblast, measured in more than 100 cultured blastocysts, increased linearly from 48 to 96 h of culture, while the linear migratory speed at the periphery of the outgrowth declined as the time of culture advanced. The EPC cells increased in size approximately eightfold during the giant cell transformation. The apparent nuclear:cytoplasmic ratios, i.e., ratios between the size of nucleus and that of the cytoplasm, measured as the surface areas on the photomicrographs, of EPC cells increased between 40-46 h of culture, but a sharp decline in the ratio occurred between 50 and 51 h of culture, reflecting either the sudden and tremendous increase in the cellular volume and/or spreading of the cytoplasm. The rates of trophoblast spreading varied considerably among the blastocysts of different genetic constitution examined (ICR, C57BL/6, C3H/He and (B6 x C3)F1. It was fastest in blastocysts obtained from matings of males and females of (B6 x C3)F1, and slowest in the C57BL/6 embryos. The differences in the rate of outgrowth observed may not simply be ascribed to difference in the developmental speed of the early embryos, because the rate of outgrowth reached a plateau at about 96-120 h and no "catch-up' was observed by leaving the blastocysts in culture longer. Our results strongly suggest the possible presence of genetic regulatory mechanisms underlying trophoblast outgrowth; further analysis of the phenomenon may provide clues to understand the molecular mechanisms of trophoblastic invasion during the early phase of implantation, hopefully leading to improved success rates of in vitro fertilization-embryo transfer.